Background: To investigate the impact of switching from stable Combined Antiretroviral Therapy (cART) to single-tablet regimen (RPV/FTC/TDF=EVIPLERA ® /COMPLERA ® ) on patient-reported outcomes in HIV-infected adults who cannot tolerate previous cART, in a real-world setting.
INTRODUCTION
The use of highly active antiretroviral therapy (HAART) has changed the outcome and management of patients infected with human immunodeficiency virus (HIV). Long *Address correspondence to this author at the HIV and STD Unit. Infectious Disease Service, Hospital Universitari de Bellvitge. L'Hospitalet del Llobregat. 08907. Barcelona. Spain; Tel: 34-932 607 667 / 34-630 268 621; Fax: 34-932607669; E-mail: dpodzamczer@bellvitgehospital.cat term viral suppression and restoration of CD4+ lymphocytes level have improved health outcomes and prolonged life expectancy of infected patients, transforming HIV infection into a chronic disease [1, 2] .
However, several ART regimens have still important limitations such as adverse events, number of pills, and drugdrug interactions, negatively influencing health quality and adherence, and subsequently, making difficult the long term success of treatment.
Single-tablet regimens (STRs) are an important advance in the management of HIV infection. These regimens involve only one pill administered once a day and their use has been associated with an improvement in treatment adherence, a reduction in the rate of hospitalization, greater therapeutic success rates, and reductions in mortality [3] [4] [5] .
For this reason, Patient-Reported Outcomes (PRO), and particularly, health-related quality-of-life (HRQoL), are important in health outcome research to measure the potential repercussions in the quality-of-life of HIV infected patients [6] [7] [8] .
The review of recent studies suggests a lack of consensus concerning the optimal instruments for the measurement of PRO [9] , in addition to the need for more pragmatic approaches that collect data regarding the administration of medications in the real-world setting [10] . Any information communicated directly by patients about their health condition and treatment, including symptoms, functional state, satisfaction with treatment, preference, and adherence to treatment, is essential in the health decision-making process [10] .
The objective of this study was to investigate the impact of switching from a non-nucleoside reverse transcriptase inhibitor (NNRTI)-or a protease inhibitor (PI)-based cART regimen to the STR regimen [rilpivirine (RPV)/emtricitabine (FTC)/tenofovir (TDF): EVIPLERA ® /COMPLERA ® ] because of therapy intolerance, on patient-reported outcomes, in routine clinical practice.
METHODS
The PRO-STR is a multicenter, observational, openlabel, non-randomized, single arm, post-authorization prospective follow-up study of routine clinical practice. The study was evaluated and approved by the Institutional Review Boards of the participating centers and was conducted in accordance with the Helsinki Declaration. In order to adjust to the follow up that is done in Real World, the study consisted of 5 visits: the baseline visit (change from cART to EVIPLERA ® ) and visits on week 4, week 16, week 32 and week 48. In this analysis, the results obtained up to the week 48 visit are described. Of all the patients who completed the baseline visit and the week 4 visit, some were excluded at the beginning of the week 16 visit for various reasons: missing values for the main variables, not having completed the corresponding follow-up visits and discontinuation of treatment ( Fig. 1) .
Adult patients, HIV-infected, who had a viral load less than1,000 copies/mL, who required switch to STR (EVIPLERA ® ) due to a intolerance to previous treatment with cART (combination of at least three drugs that included two nucleoside analogs and a protease inhibitor boosted with ritonavir [PI/r] or a nucleoside non-analogue; or 2 nucleoside analogues+ 1 integrase inhibitor) were identified. Eligibility criteria included the duration of previous cART for at least 12 months, and maintenance without changes to the regimen and the dosage of the previous cART for at least the previous 3 months. Patients also had to have signed an informed consent form. Intolerance was defined as any adverse event with a grade 2 to 4 laboratory anomaly (according to the WHO scale [11] ) that induced a switch to the EVIPLERA ® . Intolerances were classified by the symptoms indicated by the patients and by the results of the laboratory tests into the following groups: neuropsychiatric (sleep disorders and alterations in mood), gastrointestinal (nausea, vomiting, or diarrhea) and metabolic (hypercholesterolemia, hypertriglyceridemia, anemia, and alterations in carbohydrate metabolism).
Sociodemographic data were collected from the patients (age, gender, level of education, and work status), as were clinical disease data (co-infections, viral load, and CD4+cell count), intolerances, treatment discontinuations, and PRO, through a series of questionnaires that were auto administered in all visits, to be fulfilled by the included patients.
In total, 5 questionnaires were collected: the ACTG (AIDS Clinical Trials Group)-HIV Symptom Index [12] , EQ-5D (EuroQol-5D) [13] [14] [15] , MOS-HIV (Medical Outcomes Study HIV Health Survey) [16, 17] , SMAQ (Simplified Medication Adherence Questionnaire) [18] , ESTAR (Escala de Satisfacción con el Tratamiento Antiretroviral) [19, 20] , besides of a question related to the SRT patientpreference.
The main endpoint of the study was the reduction in the number and severity of symptoms at 48 weeks using the ACTG symptom index [21] . The ACTG indicates the presence of symptoms, with a range of 0 to 20 symptoms, and the degree of discomfort caused by the symptoms, with a range of 0 (no discomfort) to 80 (much discomfort). The HRQoL was evaluated using the EQ-5D and MOS-HIV questionnaires. The EQ-5D measures the general state of health. The EQ-5D score range from 0 (death) to 1 (best possible health state); negative values correspond to those health states that are scored as worse than death. In addition, the EQ-5D includes a visual analogue scale (VAS) in the form of a thermometer with a scale from 0 (worst health state imaginable) to 100 (best health state imaginable). The MOS-HIV is an HRQoL-specific questionnaire that evaluates 11 dimensions with scores that transform to a scale that ranges between 0 (worst quality of life) and 100 (best quality of life). From these scores, two components were calculated: physical and mental. These components have a mean of 50 and a standard deviation of 10. If the scores obtained were close to 50, the patients were said to have an HRQoL that did not significantly differ with respect to the reference population (the population with HIV infection). However, if the scores obtained differed from 50 by more than 10 points (less than 40 or more than 60), patients were said to have an HRQoL that was significantly better or worse than the reference population. Adherence to STR was evaluated with the SMAQ questionnaire, which comprised six questions. A patient is considered non-adherent, when at least one answer is "yes" to questions 1 (Do you ever forget to take the medication?), 3 (Do you ever stop taking the drugs if you feel sick?) and 4 (Did you forget to take the medication during the weekend?) or answer "no" to question 2 (Do you always take your medication at the indicated time?). In question 5 (In the last week, how many times did you not take any dose?) to answer more than 2 doses lost in the last week, it is considered nonadherent. In question 6 (In the past three months, how many full days did you not take the medication?) to answer that in the last 3 months, there have been more than two days that treatment has not been administered, it is considered nonadherent. Satisfaction with EVIPLERA ® was evaluated using three questions on the ESTAR, which references convenience, flexibility, and ease of use of the treatment, with scores that range between 0 (not at all satisfied) and 6 points (very satisfied). Finally, to measure patient's STR preference, the following question was asked with five possible response options (much worse to much better): "How is the patient doing with the current ART compared with the ART that his/her doctor had previously prescribed for his/her HIV infection?".
The PRO results were separately presented in three subgroups as a function of the intolerance to treatments administered prior to the baseline visit: patients with gastrointestinal, neuropsychiatric, and metabolic intolerances, in order to test the influence over the results of the type of previous intolerance. Patients could exhibit more than one type of intolerance; thus, there exist patients who belong to more than one subgroup. In case of missing data for a patient that did not allow estimate the overall score in a questionnaire, the information of this patient was excluded for the aforementioned questionnaire. The progression of PROs was obtained by comparing results from the baseline visit with those from the week 48 visit.
To determine the sample size, the results of ACTG-HIV Symptom Index in the study of Hodder were considered [22] . At the beginning of that study, the percentage of patients with diarrhea and other intestinal problems was 44%. This percentage was reduced to 33% at the end of the study. With these results, 511 patients were needed to find a statistically significant difference with an alpha risk of 0.05, a power of 0.90 and a loss to follow up of 25%. The sample size calculation was performed using GRANMO version 7.10. The statistical analysis was performed using the R statistical program, version 2.13.0. An α risk value equal to 0.05 was assumed (significant difference: p-value≤0.05). For continuous variables, means and standard deviations were reported; the One-way ANOVA with repeated measures was used. For categorical variables, frequencies and percentages were computed; the Pearson Chi-squared or the McNemar tests were used according to the type of variable evaluated. Statistical contrasts were also computed for prospective individual comparisons. In cases that did not satisfy the assumptions of these parametric tests, the equivalent nonparametrical tests were used.
RESULTS

Baseline Characteristics and Changes in Virologic and Immunological Parameters
A total of 300 patients belonging to 25 centers (APPEN-DIX I -PRO-STR STUDY GROUP) who changed their previous treatment to EVIPLERA ® and completed the baseline visit and the corresponding 4-week visit, were included in the analysis; 275 completed the week 16 visit; 260 completed the week 32 visit and 235 completed the week 48 visit ( Fig. 1 ). There were 85 missing patients between the baseline visit and the week 48 visit due to several reasons such as: visits not done (17 patients), lack of the main variables (67 patients) and discontinuations (1 patient).
Patients with and without loss of follow-up are basally comparable among themselves because no statistically significant differences were found between both groups of patients in basal scores (except in education level) (data not shown).
Although a conservative approach to estimate the sample size was adopted (511 patients), finally 300 patients were included since many of them either did not accept to participate or did not meet the criteria required in the study. An undetectable viral load (≤50 copies/mL) was maintained in the majority of patients (baseline visit: 98.3%; week 48 visit: 95.3%; p-value>0.05). There were only 10 patients with undetectable viral load in the baseline visit who had an increase at the week 48 visit (between 50 copies and 1.000 copies/mL), because of not being adherent to their treatment with Eviplera.
Sociodemographic characteristics are presented in
The CD4+ count did not significantly vary throughout the visits (baseline visit: 678.5 cells/mm3; week 48 visit: 683.0 cells/mm3; p-value>0.05). However, the proportion of patients with a CD4+ count greater than 500 cells/mm3 significantly increased in week 48 (baseline visit: 73.0%; week 48 visit: 76.4%; p-value≤0.05).
PRO Results in the Overall Population
The results of the ACTG, EQ-5D, and MOS-HIV questionnaires are presented in Table 2 . In the ACTG questionnaire, a statistically significant decrease was observed (p-value≤0.05) in the number of symptoms and degree of discomfort of these symptoms at week 48 visit compared with the baseline visit in all patients.
In the EQ-5D questionnaire, a statistically significant improvement in the health status was observed (p-value≤0.05).
The results of the physical and mental components of the MOS-HIV questionnaire indicate that, at week 48 visit, patients did not exhibit any significant differences compared with HIV-infected patients and blood donors, the reference populations with whom this test was validated because the scores are close to 50. In addition, a statistically significant improvement (p-value≤0.05) versus the baseline visit was observed in the physical and mental component. Table 3 includes the treatment adherence results estimated using the SMAQ questionnaire. Adherence to treatment was statistically significant improved (p-value≤0.05).
Satisfaction with the new treatment (EVIPLERA®), measured through the ESTAR questionnaire, is presented in Table 3 . All patients reported greater satisfaction with the ease, the convenience and with the flexibility of use of the new treatment compared with the old treatment (p-value≤0.05). Finally, the preferences for the new treatment (EVIPLERA ® ) compared with the previous cART are presented in Table 4 . In all patients, less than 2.0% of patients considered the new treatment to be worse (slightly or much worse) than the previous treatment.
PRO Data According to the Reason of Intolerance to the Previous cART
In the ACTG questionnaire, a statistically significant decrease was observed (p-value≤0.05) in the number of symptoms and degree of discomfort of these symptoms at week 48 visit compared with the baseline visit in the three groups of patients (except in patients with metabolic disturbances when assessed the number of symptoms). According to the results of the EQ-5D, the health status significantly improved (p-value≤0.05) both with respect to the social score and in the VAS results in the groups of patients who exhibited neuropsychiatric and gastrointestinal intolerances at the week 48 visit compared with the baseline visit. The patients with metabolic disturbances also exhibited improvement, although this improvement was not statistically significant in the VAS results.
In the MOS-HIV questionnaire, a statistically significant improvement (p-value≤0.05) was observed in the physical component in the three groups of patients between the week 48 visit and the baseline visit. Patients who exhibited neuropsychiatric and gastrointestinal also showed a statistically significant improvement (p-value≤0.05) in the mental component.
According to the results of SMAQ questionnaire ( Table  3) , no significant differences exist (p-value>0.05) with respect to adherence between the week 48 visit and the baseline visit in the group of patients with neuropsychiatric and gastrointestinal intolerances. However, patients with metabolic disturbances showed significantly greater adherence (p-value≤0.05). In the week 48 visit, 68.1% of patients with gastrointestinal intolerance, 64.0% of patients with neuropsychiatric intolerances, and 76.9% of patients with metabolic disturbances were adherent. In spite of the restrictive test used, which may explain the low adherence reported, an undetectable viral load was maintained in 95.3% of the patients.
All groups of patients reported greater satisfaction with the ease, the convenience and the flexibility of use of the new treatment compared with the old treatment.
In the week 48 visit, 93.7% of patients with gastrointestinal intolerance, 86.4% of patients with neuropsychiatric intolerances, and 81.8% of patients with metabolic disturbances their new treatment was better (slightly or much better) than the previous regimen ( Table 4 ).
DISCUSSION
The PRO-STR study measured the impact of the change from a cART to EVIPLERA ® in patients infected with HIV. The PRO-STR study was the first study, to our knowledge, to evaluate PRO based on intolerance to previous treatment.
Overall, the results of the study demonstrate that at week 48, switching to EVIPLERA ® regimen from a previous NNRTI-or a PI-based regimen is associated with a significant decrease in the number of symptoms and in the degree of discomfort because of these symptoms. These results are consistent with those described in the study by Wilkins et al. in which the efficacy and safety of the 786 patients who changed their previous cART for an STR (EVIPLERA ® or EFV/FTC/TDF) were evaluated. After 48 weeks of followup, an improvement in the symptoms reported by the patients was also observed [21] . Likewise, in another study that changed to EVIPLERA ® , symptoms related to the central nervous system significantly decreased after 12 weeks [23] . However, none of the studies evaluated these symptoms as a function of previous intolerances.
Our study also demonstrated, utilizing the EQ-5D questionnaire that the general state of health significantly improved in the group of patients who presented neuropsychiatric and gastrointestinal intolerances. The patients with metabolic disturbances also exhibited improvements in their health status, although the results were not statistically significant. These data are consistent with a study performed in Italy demonstrating that, with the switch from EFV to RPV, patients reported an increased perceived general health evaluated using the VAS [24] .
A study conducted in Spain with 328 patients using the specific MOS-HIV questionnaire [25] reported that the patients receiving an STR reported a better HRQoL than patients with other cART. The results of the PRO-STR study also indicated improvements with respect to the baseline visit to both, the physical and mental components of the MOS-HIV, except in the mental component the patients with metabolic disturbances, had an improvement but not significant.
Moreover, in the PRO-STR study, all groups of patients reported greater satisfaction with the ease, the convenience and the flexibility of use of the new treatment compared with the old treatment. Additionally, with respect to preferences, more than 85.9% of patients found their new treatment (EVIPLERA ® ) to be better than the previous one. In addition, at week 48, the PRO-STR study revealed improvements in the adherence to treatment, being statically significant in patients with metabolic disturbances.
This finding is consistent with other studies that have also demonstrated better results in satisfaction and preference with EVIPLERA ® compared with the previous treatment [26] .
In addition, we observed that the viral load remained undetectable at week 48 in the majority of the patients. Also, the proportion of patients with a CD4+ count greater than 500 cells/mm 3 increased significantly. In a study in which the efficacy and tolerability of EVIPLERA ® was evaluated in 304 patients [27] , viral suppression was maintained. Highleyman et al. confirmed these results, as all patients who changed from EFV/FTC/TDF to EVIPLERA ® maintained their viral suppression after the change in treatment [23] .
Another study comparing EFV with RPV demonstrated that the efficacy of RPV was not inferior to that of EFV [28] .
Another study [29] demonstrated that RPV improved tolerability and quality of life versus EFV. Besides, the quality of life of patients was improved. This study has several limitations that should be considered when interpreting the results. First, the PRO-STR study is based on Real World Evidence and no control group was available to compare to EVIPLERA®. However, the baseline visit was assumed as a control cohort and was used to compare the results obtained in the study with the previous phase. That is, prospective individual comparisons were done across visits. No comparisons were done either between the different groups of patients because some of the patients who exhibited more than one type of intolerance belonged to more than one group.
On the other hand, although the initial sample size was not reached, the statistical power in hypothesis tests allow to conclude that the differences observed in the sample are consistent.
Other limitations are the satisfaction improvement seen in the cohort study because are limited to EVIPLERA ® and for that, the generalization of the results to others STR should be cautious. In consequence, the results obtained for EVIPLERA ® should not be extrapolated to other STRs. Although STRs like TDF/FTC/elvitegravir (EVG) /Cobi improves patient adherence and satisfaction [30, 31] , there is no certainty (no studies available) that the same improvements occur with other new STRs now available in clinical practice such as dolutegravir-containing regimens.
Despite the limitations described above, the analysis of the PRO-STR study, performed in a real-world setting, demonstrates that patients infected with HIV who switched their previous cART to EVIPLERA ® because of intolerances maintained their viral response and their CD4 count. Furthermore, throughout the 48 weeks of follow-up with EVIPLERA ® , in the overall patient population and in most sub-groups a significant improvement in the presence and magnitude of symptoms was observed, reported HRQoL increased (significantly so in the group of patients with neuropsychiatric and gastrointestinal intolerances), and satisfaction with the new treatment improved in all groups). Adherence to treatment was maintained in patients with neuropsychiatric and gastrointestinal intolerances and improved significantly in metabolic ones. Besides, the preferences for the new treatment relative to the previous cART increased. To sum up, switching to EVIPLERA ® has meant an improvement in patient-reported outcomes in HIV-infected patients while maintaining a good virological and immunological response.
In this era in which several once a day pill cART formulations are available, it would be of interest to assess PRO in patients receiving these new regimens.
CONCLUSION
The results of the study demonstrate that at week 48, switching to EVIPLERA ® regimen from a previous NNRTIor a PI-based regimen due to toxicity is associated with a significant decrease in the number of symptoms and in the degree of discomfort because of these symptoms. An improvement in HRQoL and preference with treatment was also observed. Apart from that, EVIPLERA ® maintained a virological response, CD4+ cell count and maintained (in the group of patients with neuropsychiatric and gastrointestinal intolerances) or improved (in the group of patients with metabolic disturbances) adherence. Daniel Podzamczer has received research grants and/or honoraria for advisories and/or conferences from, ViiV, BMS, Abbott, Gilead, Janssen and Merck.
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